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Abstract 
Estimation of structures fatigue life under dynamic loading remains an unexplored area in the field of mechanical engineering. 
Accounting the asymmetry under operational loading is one of features of durability computation for a part of a structure. 
Common methods of asymmetry considerations result in significant errors in the lifetime of computed structures. This paper 
describes the methodology approach that allows to predict a fatigue curve for any asymmetry coefficients using the results of a 
limited number of tests with symmetry and asymmetry under random or cyclic loading. This approach is based on the 
experimental results of the herein presented research. The scattering signature of the material is necessary for fatigue probability 
calculations. The methodology also presents the recipes for prediction of fatigue curve and scattering signature with the given 
asymmetry coefficient and given probability of failure. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
Currently, coefficient ȥı is used for the estimation of fatigue life of a structure under asymmetric loading [1-4]. It 
is assumed that the Haigh diagram of stress is described by single straight line, and the value of the coefficient ȥı 
varies within a small range for various materials. According to [5], coefficient ȥı varies from 0.1 to 0.2 for carbon 
steels, and from 0.2 to 0.3 for alloyed steels. The selection of a value for a material is difficult and it does not 
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correlate well with the experimental results in most cases. It is worth noting that the majority of researches study the 
cyclic loading [6-9], while random loading with asymmetry remains poorly explored [10, 11]. 
The purpose of this study is to determine the influence of asymmetry loading on the fatigue curve of a material 
under cyclic or random loadings. 
 
Nomenclature 
ȥı coefficient of Haigh diagram 
ıa  stress amplitude value 
S standard deviation of stress value 
P asymmetry coefficient 
ım mathematical expectation value of stress 
Rm tensile strength of a material 
G loading process structure parameter 
lgN logarithm of the lifetime 
A constant parameter of fatigue curve 
B constant parameter of fatigue curve 
S0 standard deviation of stress value corresponding to unbounded value fatigue strength 
P probability of failure 
r correlation coefficient 
Ss standard deviation of endurance strength 
vs coefficient of variation 
S  expectation value of endurance strength 
SlgN standard deviation of lifetime logarithm 
tq inverse normal distribution for the failure probability 
2. Fatigue curve equation 
Random asymmetrical loading process cannot be characterized by the standard parameters for the cyclic process 
without schematization of the original stress history. For example, the standard for the cyclic process stress 
amplitude ıa is not a valid parameter for random process. In this case, the amplitude for the random process is 
replaced by the standard deviation (S) of stress value. For cyclic loading with amplitude ıa, the standard deviation of 
stress value is calculated by 
2
aS
V
 .      (1) 
In this paper, the asymmetry coefficient for cyclic and random loadings is defined as the ratio of the 
mathematical expectation value of stress ım to tensile strength Rm of the material: 
m
mR
VP        (2) 
The processes of loading (cyclic and random) characterize the combination of the following parameters described 
in [12]: the mathematical expectation value of stress ım, the standard deviation of stress value S and the loading 
process structure parameter G. The number of the intersections by the process of the mean level of the mathematical 
expectation with the positive sign of the process derivative is taken as the lifetime of the random process. For the 
cyclic loading the value N0 is the number of cycles. There are many methods to process the results of fatigue tests 
[13-17]. The algorithm described in [12] is used in this work. The expectation of logarithm of the lifetime <lgN> is 
described by S-N curve equation: 
 0 0lg lgi iN A B S S   .      (3) 
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3. Fatigue tests 
The research was performed using random and cyclic types of loading. Flat-shaped specimens made of light 
alloys AMg-61 and MA-15 were tested (see Fig. 1). Chemical compositions of the tested alloys are given in Tables 
1 and Table 2. Fatigue properties of specimens were tested by the electrodynamic shaker LDS V780 that allows 
cyclic or random loading of different bandwidths. Description of the equipment is given in [18]. 
Table 1. Chemical composition of AMg-61 alloy (in %) 
Mg Al 
5,70 94,30 
Table 2. Chemical composition of MA-15 alloy (in %) 
Mg Al Si Ca Fe Zn Cd 
85,74 6,76 0,39 0,41 0,42 1,60 4,68 
At each stress level at least six specimens were tested. The specimens were tested until complete failure. 
4. Analysis of the results 
From the test results of AMg-61 alloy, the fatigue curves under cyclic and random loadings for the symmetry and 
asymmetry with the probability of failure P = 0.5 were obtained using Eq. 3. (see. Fig. 2). Each point in these plots 
is the expectation of logarithm of the lifetime corresponding to the stress level. From the plots it is hard to assess if 
the curves are parallel to each other thus we have to use different variables: the standard deviation of stress value S 
and the asymmetry coefficient μ. 
Fig.1. Geometry of specimen. 
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Fig. 2. (a) fatigue curves of AMg-61 alloy under random; (b) cyclic  loadings with asymmetry. 
According to [19], the range of interest for the high cycle fatigue life corresponds to lgN = 4 ... 7 for calculating 
the lifetime of structures. Therefore, the set of lifetimes lgNi = {4; 5; 6; 7} in increments of lgN = 1 was selected. 
The values of standard deviation of stress for each lifetime lgNi were found using the plots of fatigue curves (see 
Fig. 2) and Eq. 3, accounting for asymmetry. Points in Fig. 3 are well fitted with the linear function with correlation 
coefficients are r > 0,993. Each line corresponds to different value of lifetime logarithm. 
 
Fig. 3. (a) standard deviation of stress S vs. asymmetry coefficient μ for AMg-61 alloy under random; (b) cyclic loadings. 
As can be seen from Fig. 3, all lines converge in one point. However, as tests have shown, coordinates of this 
point depend on the loading process structure parameter G and cannot be predicted due to limited number of tests. It 
should be noted that the point of convergence of all lines has no physical meaning because it lies outside the region 
of tensile strength of the material. 
In order to verify the tests results, the vibration tests of MA-15 alloy under cyclic loading with asymmetry have 
been performed. The plots of fatigue curves and relations of standard deviation of stress value S to the asymmetry 
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coefficient μ are shown in Figure 4. As seen from the plots, the lines converge in a single point, same as in the case 
of AMg-61 alloy. 
 
Fig. 4. (a) for cyclic loading, fatigue curves of MA-15 alloy with asymmetry;  (b) standard deviation of stress S vs. asymmetry coefficient μ. 
The analysis of the plots shows the possibility of predicting fatigue curves with asymmetry. It is sufficient to 
perform fatigue tests under symmetric loading and just one additional test with an arbitrary value of asymmetry. 
Then, one needs to plot linear graphs of standard deviation of stress value S vs. asymmetry coefficient μ. If the lines 
converge in single point, then test results are correct. Thus, for any value of the asymmetry coefficient μ one can 
find the corresponding standard deviation of stress value S for each line. The number of these lifetime lines can be 
increased by adding more values lgN. Thus, it is possible to obtain the points (lgN; S) that are processed as in [12] 
and obtain the material fatigue curve for a given asymmetry with failure probability P = 0.5. 
For the probability calculation of lifetime it is necessary to know the characteristics of scattering signature of a 
material under asymmetric loading. Dispersion of endurance strength obeys the normal distribution and may be 
estimated from the standard deviation – Ss. However, in practice it is convenient to use the relative value – a 
coefficient of variation vs instead of Ss. According to [20], coefficient of variation vs is a constant value and does not 
depend on number of cycles to fracture 
s
s
S
v const
S
  .      (4) 
The coefficient of variation can be found from the standard deviation of lifetime logarithm SlgN [20]: 
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          (5) 
Thus, the standard deviation of stress value S with a failure probability can be calculated as follows: 
q sS S t S r           (6) 
According to Eq. 4: 
q sS S t v S r ,          (7) 
Consider the relationship of the standard deviation of stress value S and the asymmetry coefficient μ for AMg-61 
alloy under random loading from Fig. 5, where two solid lines for lgN = 5 and lgN = 7 lifetimes were plotted. For 
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each experimentally obtained point, the confidential interval with confidence level tq = 3 was obtained using Eq. 7. 
The regression values through the points were plotted in Fig. 5 using dashed lines. The smallest correlation 
coefficient is r = 0.995. These lines show the scattering signature for the failure probability. 
 
Fig. 5. Standard deviation of stress S vs. asymmetry coefficient μ for AMg-61 alloy under random loadings, and scattering signature. 
5. Conclusions 
The methodology has been developed and implemented. It has predicted fatigue curves of a material with 
different asymmetry under cyclic and random loadings using limited experimental tests. Furthermore, the 
methodology allows accounting for the scatter signature of a fatigue curve and plots this fatigue curve with given 
asymmetry and failure probability. 
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